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METHOD AND DEVICE FOR DETERMINING THE RESIDUAL 
TRAVEL DURATION OF A SUBMARINE 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims the benefit of priority under 35 U.S.C. § 1 19 of German 

patent application DE 103 14 651 filed April 1, 2003, the entire contents of which are 
incorporated herein by reference. 

5 FIELD OF THE INVENTION 

[0002] The invention relates to a method as well as to a device for determining the 

residual travel duration or the residual capacity of the battery of a submarine. 

BACKGROUND OF THE INVENTION 

[0003] For conventional submarines, the battery in certain situations of application is the 

10 only source of energy. In order to be able to compute in advance the remaining travel duration 
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which is possible, it is not sufficient to known the available energy quantity. On the contrary, the 
residual travel duration is rather dependent on several parameters. These are the battery 
operating parameters as well as the operating parameters of the remaining units of the submarine. 
The respective battery data are made available by a battery monitoring installation. For the 
5 remaining units of the submarine, calculated consumption values for common operating situations 
are specified by the shipyard, on the basis of which then with certain battery data the possible 
residual travel duration given a certain travel situation or the residual capacity of the battery 
remaining given a predefined travel duration may be determined by calculation. 

[0004] The disadvantage with these known methods for determining the residual travel 

10 duration or remaining travel time of a submarine is the fact that the residual travel duration or the 
remaining residual capacity of a battery may only be determined relatively inaccurately. 

SUMMARY OF THE INVENTION 

[0005] It is therefore the object of the invention to provide an improved device for 

determining in advance the residual travel duration of a submarine which permits a more exact 
15 advance evaluation of the residual travel duration or the residual capacity of the battery after a 
predefined travel duration. 

[0006] This object is achieved by a method according to the invention as well as a device 

according to the invention. 
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[0007] The method according to the invention permits a more accurate prediction of the 

residual travel duration of a submarine or a more accurate prediction of the residual capacity of a 
battery after a predefined travel time since the computation is not based on calculated determined 
consumption values predefined by the shipyard for the individual units of the submarine, but on 
the basis of consumption profiles determined with regard to measurement technology under real 
conditions. For determining these consumption profiles, a reference journey is firstly carried out 
for at least one certain travel situation of the submarine. Such a travel situation may for example 
be a locating journey, crawling journey, an underwater cruise or an above-water journey, wherein 
with these individual travel situations in each case certain units of the submarine are in or not in 
operation. With the reference journey which is carried out, the power consumption of the 
submarine is ascertained for the defined travel situation and is stored as a situation-dependent 
consumption profile. At the same time the power consumption of all units which are in operation 
with the certain travel situation is preferably ascertained in order to produce an as accurate as 
possible consumption profile. The situation-dependent consumption profile for a certain travel 
situation evaluated and stored in this manner is later used for the advance computation of a 
remaining residual travel duration or remaining residual capacity of the battery. Current battery 
data which provides information on the remaining capacity or the charged conditioned of the 
battery is used for evaluating the residual travel duration, and then with the current evaluated 
battery data, the remaining residual travel duration is calculated on the basis of the situation- 
dependent consumption profile which matches the intended travel situation and has been stored 
during the reference journey. One thus determines for which residual travel duration the present 
energy is sufficient. Alternatively, given a predefined travel duration one may determine the 



residual capacity of the battery remaining after this travel duration. The method according to the 
invention has the advantage that the situation-dependent consumption profiles may be determined 
again and again under real conditions. Thus for example the required reference journey may be 
carried out after the submarine has left the harbor in order then for the remaining journey to have 
5 current consumption profiles available for computing the travel duration. Thus when determining 
the consumption profiles, changes of the submarine caused by aging or also technical changes are 
taken into consideration. For example the incrustation of foreign matter on the outer skin and 
other resistance-increasing effects increase the power requirement of the propeller motor given an 
equal speed of submarine. The power consumption of some auxiliary machines of the vessel may 

10 be increased on account of ageing effect, for example leakages, wear etc. Since the required 
reference journeys are carried out at regular intervals, preferably when putting out to sea, such 
changes in the consumption profiles may be taken into account and thus a residual travel duration 
in a certain travel situation may be computed in advance more accurately on account of the more 
accurate consumption values. This permits a reduction of the required safety tolerances on 

15 computing the travel duration. 

[0008] Preferably reference journeys are carried out for several predefined travel 

situations, with which in each case the power consumption of the submarine is detected and 
stored as a specific situation-dependent consumption profile specific to the respective travel 
situation. Reference journeys are for example carried out for the travel situations of a locating 
20 journey, crawling journey, underwater cruising etc., and a specific situation-dependent 

consumption profile is stored for each of these travel situations. If later for example the remaining 
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residual travel duration is to be evaluated for a crawling journey at a predefined speed, the specific 
consumption profile which has been evaluated and stored for the crawling journey is used in order 
to determine the remaining residual travel duration on the basis of the current battery data. 
Situation-specific and in particular speed-specific consumption profiles are recorded for all 
common travel situations; in order later for these travel situations, to be able in each case to 
compute in advance the residual travel duration as accurately as possible. 

[0009] With regard to the reference journey, preferably in one travel situation an average 

of the detected power consumption is formed over a certain, preferably selectable measurement 
interval. The detection of the power consumption over a longer measuring interval and the 
formation of an average over this measuring interval permits a more accurate evaluation of the 
power consumption specific to the respective travel situation. One may thus determine an 
accurate consumption profile for the respective travel situation. 

[0010] A previously stored matching consumption profile is usefully able to be selected by 

an operator for the computation of the residual travel duration or residual capacity of the battery 
which is to be carried out. The stored consumption profiles are preferably offered for selection by 
a computer so that the operator may select the matching profile for the desired travel situation and 
by way of the computer a computation of the residual travel duration of the submarine in the 
defined travel situation may be carried out of the basis of the current battery data. Alternatively 
for a predefined journey duration one may compute the residual capacity of a battery which 
remains after the completion of the journey duration in a corresponding manner. The selection 



possibility of the various consumption profiles by an operator allows, for various travel situations 
or speeds, for the remaining residual travel durations to be run through and then for that travel 
situation or speed to be selected at which a required travel duration may be realized, and to indeed 
to travel at this. 

[0011] The speed of the submarine during the reference journey is usefully kept constant 

by way of a suitable operation of a propeller motor, in order for the respective travel situation and 
speed to be able to evaluate an as accurate as possible consumption profile. For one travel 
situation, there exists the possibility of being able to evaluate and store a situation- and speed- 
dependent consumption profile in each case for different speeds. Thus later the residual travel 
duration may be computed not only on the basis of a specific travel situation but also on the basis 
of a certain travel speed in this travel situation, so that the residual travel duration may be 
estimated even more accurately or the maximal speed which may be realized may be determined 
for a certain residual travel duration. 

[0012] Additionally, for a predefined travel situation a consumption profile which is not 

determined by a reference journey may be interpolated from at least two other consumption 
profiles evaluated by a reference journey. By way of interpolation, speed-dependent consumption 
profiles may be evaluated in this manner for speeds at which no reference journeys have been 
carried out. For this, the consumption profile for the desired speed value is interpolated from two 
consumption profiles for adjacent speed values which have been determined by a reference 
journey. This offers the advantage that the residual travel duration may also be computed for 



speed values which are independent of the evaluation. The operator selects the respective travel 
situation on the installation, and selects the speed value to be taken into account separately from 
this. The consumption profile for this speed value is then computed by interpolation from two 
stored consumption profiles of adjacent speed values in the same travel situation. On the basis of 
this consumption profile one may then determine in advance the residual travel duration or the 
residual capacity at this speed. A storage of the consumption profile computed in this manner is 
not required since the computation may be newly effected at any time. 

[0013] According to a preferred embodiment of the method, additionally the fuel reserve 

of at least one charging unit is detected and taken into account on computation of the residual 
travel duration or the residual capacity of a battery. The charging unit as for example is usual with 
conventional submarines may be a diesel machine with a generator, wherein the fuel or diesel 
reserve is included in the computation of the residual travel duration. If apart from the current 
available battery capacity one also includes the remaining fuel reserve in the computation, the 
residual travel duration may thus be computed on the basis of the whole remaining energy sources 
of the submarine whilst taking all energy sources into account, so that one may compute in 
advance a maximal complete journey duration for a certain travel situation and certain speed. 

[0014] With a submarine having a fuel cell installation it is furthermore preferable to 

ascertain the fuel reserve and oxidant reserve of the fuel cell installation of the submarine and to 
take this into account on computation of the residual travel duration or the residual capacity of 
the battery. Thus here too one may very accurately determine the computation of the residual 



travel duration or the remaining residual capacity of the battery after a predefined travel duration 
on the basis of the complete remaining energy reserve of a submarine. Usually a submarine 
provided with a fuel cell installation is operated such that the fuel cell installation secures the main 
load whilst the battery or batteries of the submarine merely make up for the power peaks. If on 
account of the previously carried-out reference journey the exact power consumption is stored in 
the form of a situation-dependent consumption profile for the respective travel situation, then on 
computation of the residual travel duration the power output required for the travel situation may 
be distributed onto the batteries and the fiiel cell installation in a manner such that a desired 
residual travel duration or a desired residual capacity of the battery may be realized after 
completion of the travel duration. At the same time the distribution of the power to be outputted 
by the batteries and by the fuel cell installation may be adapted to the current battery data, in 
particular the current battery capacity as well as the currently present fuel and oxidant reserve of 
the fuel cell installation. 

[0015] The power consumption of a propeller motor or several propeller motors and the 

remaining units of the submarine may be detected together at one point of measurement. In this 
manner the measurement of the whole power consumption of the submarine, which is to say the 
power consumption of the electrical propeller motor or the propeller motors and all remaining 
units may be effected at one point of measurement. The common measurement of the power 
consumption of the propeller motor or the propeller motors and all other units of the submarine 
may be also effected in a manner such that the power flow is detected at all points via which in 
each case a part of the total power flows, wherein the complete sum of the power consumption is 
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formed by the measured individual values. 

[0016] The detection of the power consumption of the propeller motor or propeller 

motors and the remaining units of the submarine is alternatively effected separately from one 
another at at least two points of measurement. This permits the separate detection of the power 
5 . consumption of various aggregates in the submarine, by which means the power consumption of 
individual units may be taken into account when determining situation-dependent consumption 
profiles for certain travel situations. The consumption profiles evaluated in this manner are more 
differentiating since they take into account the power consumption of the individual units. Thus 
with a later computation of the residual travel duration or the remaining battery capacity on the 

10 basis of the previously evaluated consumption profile one may take into account whether certain 
units have been switched on or not in the respective travel situation. Such a more differentiating 
consideration of the consumption of the individual units may also be effected by carrying out 
several reference journeys with which the individual units are respectively switched on or off. If 
however the power consumption of individual units is effected directly at different points of 

15 measurement, then individual reference journeys may be spared, and the evaluation of situation- 
dependent consumption profiles may be effected more quickly and simply. 

[0017] Apart from the described method, the invention relates to a device for carrying out 

the previously described method for determining the residual travel duration of a submarine. The 
device according to the invention for determining the residual travel duration of a submarine or 
20 for the advance evaluation of the remaining residual capacity of the battery of a submarine after a 
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predefined travel duration comprises a computer, a display and input means as well as a detection 
unit for detecting the power consumption of the submarine. With this, the detection unit 
preferably detects the whole power consumption of the submarine, that is to say the power 
consumption of all units and of the propeller motor. The computer of the device according to the 
5 invention comprises a profile production module for producing at least one situation- and/or 

speed-dependent consumption profile at at least one certain travel situation. At the same time the 
profile production module sets up a certain situation- and/or speed-dependent consumption profile 
on the basis of the data detected by the detection unit, which is to say the power consumption of 
the submarine in a certain travel situation. For creating the consumption profile, a reference 

10 journey is effected in a certain travel situation at which certain units of the submarine required for 
the travel situation are switched on and at with which the travel is at a certain, preferably constant 
speed. With this reference journey the detection unit detects the power consumption of the 
submarine and the profile production module of the computer produces a situation- and/or speed- 
dependent consumption profile for this specific travel situation on the basis of the detected power 

15 consumption. Furthermore a memory module for storing the produced consumption profile is 
provided in the computer according to the device according to the invention. After creating the 
situation-dependent consumption profile by the profile production module, the consumption 
profile is stored in the memory module for later use. In this manner one may evaluate a multitude 
of different situation-dependent consumption profiles for various travel situations and various 

20 speeds by way of reference journeys, and store them in the memory module. The computer 
furthermore comprises a computation module for computing the residual travel duration in a 
certain travel situation on the basis of a stored consumption profile for this travel situation and 
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current battery data. The computation module is installed such that preferably after the selection 
by the operator, via the input means it reads out a certain previously stored consumption profile 
from the memory module and then, on the basis of currently determined battery data which for 
example is made available by a battery monitoring unit, the remaining residual travel duration of 
5 the submarine is determined for the travel situation associated with the read-out consumption 

profile. Alternatively the operator via the input means may input an intended travel duration, and 
by the computation module on the basis of a consumption profile read out from the memory 
module and the current battery data, that is to say in particular the remaining battery capacity, the 
remaining residual capacity of the battery may be determined after completion of the travel 

10 duration. Furthermore the computation module may be set up such that for a certain travel 

situation on the basis of different consumption profiles for this travel situation which have been 
evaluated for various travel speed, via the display means of the device it outputs to the operator 
the various residual travel durations or various residual capacities of the battery for different 
travel speeds. The operator then, on the basis of the outputted data and the external conditions 

15 such as the flow speed of the surrounding sea, may decide which speed with the respective travel 
situation is to be selected in order to travel a certain maneuver, or to be able to safely reach a 
certain location given the remaining capacity of the battery. By way of detecting the consumption 
profiles under real conditions, a very accurate evaluation or computation of the remaining residual 
travel duration for a certain travel situation on the basis of the current battery capacity, the fuel 

20 reserves and/or reactor reserves of a fuel cell installation is possible. 

[0018] The device preferably comprises an interface to a battery monitoring means for 
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transmitting the current battery data to the computer. Thus for example the current battery 
capacity or the current charged condition of the battery may be transmitted to the computer by the 
battery monitoring means. In this manner the data which is detected by the means which are 
present anyway in the submarine may be automatically used for determining the residual travel 
duration, without having to be inputted into the computer by hand by an operator. 

[0019] Furthermore, an interface to a travel measurement means for transmitting current 

travel data is preferably to be provided. Thus for example the current travel speed may be 
transmitted by the travel measurement means directly to the computer via the interface. The 
profile production module of the computer may then directly incorporate the transmitted travel 
speed into the produced consumption profile and store it with this, so that later a specific 
consumption profile for this speed is available. The interface at the same time has the advantage 
that the speed data does not need to be inputted into the computer by hand via the input means. 
Reversely, the interface may also be used to transmit speed data from the computer to the travel 
measuring means or to a travel controller. Thus the required reference journeys for determining 
the different situation-dependent consumption profiles may at least be effected partly 
automatically in a manner such that the speeds for which consumption profiles are to be evaluated 
and at which the reference journeys need to be carried out as a result of this, are transmitted from 
the computer to a travel measurement or travel control means, which then controls the drive 
motor of the submarine so that the speed required for the measurement remains constant for the 
measurement duration. 
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[0020] According to a further preferred embodiment, an interface to a submarine 

installation automation for transmitting required data to the computer are present. Such an 
interface permits a further integration of the travel duration computer into remaining computer 
installations of the submarine for installation automation. Thus the data required for the 
production of the consumption profiles for producing the consumption profiles and the 
computation of the residual travel duration or the residual capacity may be transmitted from the 
installation automation via the interface to the computer. Reversely on carrying out the reference 
journeys, data and control commands may be transmitted from the travel duration computer to the 
installation automation, in order e.g. to automatically control the units of the submarine in the 
manner required for the travel situation of the reference journey. 

[0021] It is further preferred for the computer, the display means and input means and/or 

the detection unit to be an integral part of an automation system or a battery monitoring means. In 
this manner a further integration of the individual control or regulation means of the submarine 
may be achieved and interfaces between individual modules or components may be avoided. The 
computer or the travel duration computer then only requires interfaces to those components 
which are not monitored or controlled by the installation in which the computer is integrated. If 
the computer for example is integrated into a battery monitoring means, the computer no longer 
requires an interface to the battery monitoring means since it is an integral component of this. 
The computer however for example requires an interface to the travel measurement means in 
order to be able to draw data from this in an automized or automated manner. 
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[0022] The device is preferably merely designed as a software module in an automation 

system or a battery monitoring means. This means that the device according to the invention for 
determining the residual travel duration is merely made available as a computer program which is 
integrated in a computer installation of another module or another installation of the submarine. In 
this manner the capabilities of an existing automation or an existing computer are widened by the 
functionality of the travel duration computation. The hardware and in particular the display and 
input means of the existing installation are therefore likewise used for the travel duration 
computer. The profile production module, the memory module and the computation module are 
accordingly made available merely as software components. 

[0023] The various features of novelty which characterize the invention are pointed out 

with particularity in the claims annexed to and forming a part of this disclosure. For a better 
understanding of the invention, its operating advantages and specific objects attained by its uses, 
reference is made to the accompanying drawings and descriptive matter in which a preferred 
embodiment of the invention is illustrated. 

BRIEF DESCRIPTION OF THE DRAWING 

[0024] The invention is described by way of example by way of the attached graphical 

representation. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0025] The attached block diagram shows the structure of the device for carrying out the 

method according to the invention for determining the residual travel duration of a submarine or 
for determining the residual capacity of the battery of a submarine with a predefined travel 
duration. The battery may in the known manner consist of several part batteries. The installation 
comprises an operation and display unit 2 via which the communication to the user is effected, 
that is to say data may be input by the user and data may be displayed to the user or operator. 
The installation further comprises a memory and evaluation unit 4 which is connected to the 
operating and display apparatus 2 in a manner such that the data is transmitted via the operating 
apparatus 2 to the evaluation unit 4 and may be output by the evaluation unit 4 via the display 
apparatus 2. 

[0026] The memory and evaluation unit 4 is further connected to various detection and 

processing units 6, 8, 10 and 12. For the operation of the method at least one detection and 
processing unit 6 for determining the power consumption of the units of the submarine from the 
on-board mains must be present. Furthermore at least one detection and processing unit 8 for 
detecting the submarine speed as well as a detection and processing unit 10 for detecting the 
current battery data need to be present. The detection units 6 and 8 are required for determining 
individual situation-dependent consumption profiles when carrying out the reference journey. 
Thus within the framework of reference journeys, various travel situations at different speeds are 
gone through and in each case the submarine speed and the power consumption from the on- 
board mains are detected. The detection of the power consumption is effected via special sensors 
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in the on-board mains of the submarine or via sensors present in other units which detect the 
required power data. The evaluation unit 4 then evaluates a situation-dependent and speed- 
dependent consumption profile specific to the respective travel situation and stores this in the 
memory unit 4. For example a reference journey for the travel situation "profile Locating Journey 
3 knots" may be carried out and a corresponding consumption profile may be stored under the 
reference "profile Locating Journey 3 knots". Consumption profiles for various travel situations 
at different speeds are determined and stored in this manner. 

[0027] Then later, on the basis of this consumption profile stored in the memory and 

evaluation unit 4, one may determine a remaining residual travel duration or residual capacity of 
the battery given a predefined travel duration on the basis of the current battery data. For this the 
current battery data, which is to say in particular the charged condition or the current capacity of 
the battery or the batteries are detected on-line by the detection and processing unit and 
transmitted to the memory and evaluation unit 4. An operator, via the operating and display 
apparatus 2, selects the desired travel situation and as the case may be, a certain speed, for which 
then the memory and evaluation unit 4 evaluates the matching stored consumption profile and on 
whose basis and the basis of the current battery data, displays the residual travel duration which 
results from the given charged condition of the batteries. Alternatively an intended travel duration 
in a certain travel situation and at a certain speed may be input by an operating apparatus 2, 
wherein then the evaluation unit 4 computes in advance the remaining residual capacity of the 
batteries after the travel duration on the basis of the current battery data and emits this via the 
display apparatus. 
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[0028] A detection and processing unit 12 for detecting the fuel reserve and/or the fuel- 

and oxygen reserve of a fuel cell installation of the submarine of a fuel cell installation of the 
submarine may optionally be provided in the device according to the invention. If the memory 
and evaluation unit 4 also takes into account that data made available by the detection unit 12 
with regard to the reserve of conventional fuel, for example diesel, and fuel for a fuel cell 
installation, it is possible to determine the remaining total travel duration of the submarine whilst 
taking all energy reserves into account. In particular it is possible to determine such a travel 
duration whilst taking certain setting for the distribution of the loads on the fuel cell installation 
and batteries into account. Thus on computation by the evaluation unit 4, where appropriate 
taking into account certain settings inputted at the operating apparatus, the current charged 
condition of the batteries as well as the fuel reserve for the fuel cell installation may be taken into 
account, and during the journey the power output of the fuel cell installation and the battery may 
be distributed such that the battery capacity and the fuel of the fuel cell installation may be 
optimally exploited. 

[0029] The shown and described installation may be made available as an individual 

computer with its own sensors for the detection and processing units 6, 8, 10, and 12. It is 
alternatively possible to integrate the installation into existing installation, in particular into 
existing on-board computers of the submarine as hardware or software modules in order to 
reduce the number of required interfaces for data transmission, and the number of individual 
computer installations. Thus of the detection units 6, 8, 10 and 12 one may use sensors which are 
anyway present in the submarine. In this manner the number of additional components required 
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for the travel duration computation according to the invention is kept low. 

[0030] While a specific embodiment of the invention has been shown and described in 

detail to illustrate the application of the principles of the invention, it will be understood that the 
invention may be embodied otherwise without departing from such principles. 



18 



